Recently identified hepatitis C virus (HCV) isolates that are infectious in cell culture provide a genetic system to evaluate the significance of virus-host interactions for HCV replication. We have completed a systematic RNAi screen wherein siRNAs were designed that target 62 host genes encoding proteins that physically interact with HCV RNA or proteins or belong to cellular pathways thought to modulate HCV infection. This includes 10 host proteins that we identify in this study to bind HCV NS5A. siRNAs that target 26 of these host genes alter infectious HCV production >3-fold. Included in this set of 26 were siRNAs that target Dicer, a principal component of the RNAi silencing pathway. Contrary to the hypothesis that RNAi is an antiviral pathway in mammals, as has been reported for subgenomic HCV replicons, siRNAs that target Dicer inhibited HCV replication. Furthermore, siRNAs that target several other components of the RNAi pathway also inhibit HCV replication. MicroRNA profiling of human liver, human hepatoma Huh-7.5 cells, and Huh-7.5 cells that harbor replicating HCV demonstrated that miR-122 is the predominant microRNA in each environment. miR-122 has been previously implicated in positively regulating the replication of HCV genotype 1 replicons. We find that 2-O-methyl antisense oligonucleotide depletion of miR-122 also inhibits HCV genotype 2a replication and infectious virus production. Our data define 26 host genes that modulate HCV infection and indicate that the requirement for functional RNAi for HCV replication is dominant over any antiviral activity this pathway may exert against HCV.
Recently identified hepatitis C virus (HCV) isolates that are infectious in cell culture provide a genetic system to evaluate the significance of virus-host interactions for HCV replication. We have completed a systematic RNAi screen wherein siRNAs were designed that target 62 host genes encoding proteins that physically interact with HCV RNA or proteins or belong to cellular pathways thought to modulate HCV infection. This includes 10 host proteins that we identify in this study to bind HCV NS5A. siRNAs that target 26 of these host genes alter infectious HCV production >3-fold. Included in this set of 26 were siRNAs that target Dicer, a principal component of the RNAi silencing pathway. Contrary to the hypothesis that RNAi is an antiviral pathway in mammals, as has been reported for subgenomic HCV replicons, siRNAs that target Dicer inhibited HCV replication. Furthermore, siRNAs that target several other components of the RNAi pathway also inhibit HCV replication. MicroRNA profiling of human liver, human hepatoma Huh-7.5 cells, and Huh-7.5 cells that harbor replicating HCV demonstrated that miR-122 is the predominant microRNA in each environment. miR-122 has been previously implicated in positively regulating the replication of HCV genotype 1 replicons. We find that 2-O-methyl antisense oligonucleotide depletion of miR-122 also inhibits HCV genotype 2a replication and infectious virus production. Our data define 26 host genes that modulate HCV infection and indicate that the requirement for functional RNAi for HCV replication is dominant over any antiviral activity this pathway may exert against HCV.
antivirals ͉ miR-122 ͉ RNAi ͉ HCVcc-siRNA H epatitis C virus (HCV) has a notable ability to establish persistent infections in Ϸ70% of cases, resulting in 130 million chronically infected people throughout the world (1) . This prevalence has spurred considerable interest in the study of HCV-host interactions, on both cellular and molecular levels. The inability to grow HCV in cell culture led some groups to focus on the identification of cellular proteins that interact with individual HCV proteins or RNA elements, resulting in the accumulation of a large number of putative HCV-host interactions. Unfortunately, the significance of most of these with respect to the HCV life cycle is currently unknown (reviewed in ref. 2) . Over the past 6 years, cell culture systems have been developed that enable the characterization of HCV replication and entry (3) (4) (5) (6) . This effort recently culminated in the development of cell culture systems that reproduce the entire viral life cycle (7) (8) (9) . A number of virus-host interactions have been characterized by using these experimental systems. For example, CD81 has been demonstrated to play a role in HCV entry (10-12).
Sequence-specific gene silencing of RNAi is ideal for assessing the genetic phenotypes associated with virus-host interactions. We have previously shown that siRNAs are highly effective at silencing either host or viral RNAs in cells that contain replicating HCV, demonstrating the potential of RNAi as a tool to study HCV-host interactions (12) (13) (14) (15) (16) . The goal of this study is to define host cofactors involved in HCV replication. We first identified 10 host proteins that interact with NS5A by using the two-hybrid system and copurification approaches. These were combined with other published HCV-host interactions to provide a sample set in which we could evaluate both the significance of these proteins for HCV replication and the utility of siRNA screens for identifying host genes and pathways that modulate HCV replication. siRNAs targeting 26 of the 62 host genes tested, including the RNAi ribonuclease Dicer, modulate the production of infectious HCV by at least 3-fold. Interference with multiple components of the RNAi pathway involved in miRNA biogenesis or the liver-specific miRNA miR-122 resulted in an inhibition of HCV replication. Thus, the RNAi pathway and miR-122 in particular are required for optimal HCV replication and infectious virus production, consistent with recent HCV replicon data from Jopling et al. (17) .
Results
Identification of HCV NS5A-Interacting Proteins. This study presents RNAi analysis of the significance of 62 host genes in HCV replication and infectious virus production. The majority of these genes have been published to interact with HCV RNA or proteins [supporting information (SI) Table 2 ]. Additionally, we identified a number of host interactions with HCV NS5A that were subsequently included in this analysis. Two approaches were used to identify NS5A-interacting proteins. The first approach involved the yeast two-hybrid system; details are provided in Materials and Methods (18) . A LexA DNA-binding domain-NS5A (1a H77) fusion protein was used to a HeLa cDNA library whose translatable products are fused with an acidic transcriptional activation domain. Nine cDNAs encoding three unique proteins that interacted with NS5A were identified from a library of 10 8 cDNA clones. They are (i) the nuclear transport protein IPO4, (ii) the receptor recycling protein VPS35, and (iii) hsp90-associated protein 1, HSPA1A. These interactions were specific, inasmuch as the identified clones interacted with HCV NS5A, but not with the irrelevant bicoid protein or the closely related bovine viral diarrhea virus NS5A.
Our second approach involved the identification of cellular kinases that bind to NS5A in a complex that phosphorylates NS5A in vitro. The Kinetworks KPKS screen (Kinexus; Kinetworks, Vancouver, BC, Canada) is a method that can detect and quantify 75 protein kinases in a complex mixture of proteins based on recognition by specific antibodies. Purified preparations of GST and GST-NS5A were prepared and subjected to this analysis. Twelve candidate protein serine/threonine kinases that specifically associated with GST-NS5A were identified. Seven protein kinases match with the characterized profile of the NS5A kinase, including kinase inhibitor profiles, pH optimum, and divalent metal ion preferences (19) . These kinases were identified as CDK6, ERK6/MAPK12, RAF1, AKT1, PDPK1, GSK3␣, and GSK3␤. The summary of NS5A-protein interaction data is shown in SI Table 2 . Interestingly, the putative yeast homologues of four of these genes, AKT1, PDPK1, GSK3␣, and GSK3␤, have been reported to phosphorylate NS5A in vitro (20) .
A Systematic RNAi Screen Identified Host Genes That Modulate HCV
Replication. We next tested the significance of 62 host genes for HCV replication. These host genes encode proteins that physically interact with HCV RNA or proteins, including the NS5A-interacting proteins identified above, or alternatively, that belong to signaling pathways thought to modulate RNA virus replication. A list of host genes, sites of HCV interaction, and associated references is available in SI Table 3 . Huh-7.5 cells were transfected with at least two different siRNAs per gene (described in SI Table 4 ) and then infected with HCV over a sliding window, beginning at 24, 48, or 72 h after transfection. After 48 h of infection, cellular supernatants were collected for titration of infectious virus, whereas intracellular HCV RNAs were quantified by quantitative real-time RT-PCR. Cell viability assays measuring intracellular ATP levels were taken from parallel samples at the time of harvesting (SI Fig. 4 ). Changes in HCV RNA and virus levels were then calculated for each siRNA.
The fold change in HCV RNA or virus levels after silencing of the target gene, relative to the median value of all genes tested, is shown in Table 1 . Twenty-six of the 62 genes that were targeted modulate HCV infectious virus production Ͼ3-fold. Real-time 
Dots represent number of days between siRNA treatment and initial infection that produced the most extreme viral phenotype. *Names refer to the gene name of the siRNA target (HUGO nomenclature).
† Values represent fold change in HCV levels plus SEM in specific siRNA-treated cells compared with controls.
Values are based on the geometric mean of two replicate experiments. A negative value reflects a decrease in relative HCV levels. ‡ VAP-ABC siRNAs target VAPA, VAPB, and VAPC. § PCBP2 siRNAs produce an early increase in HCV levels, followed by a decrease.
RT-PCR assays (described in SI Table 5 ) were developed for these genes to measure the expression levels of each siRNA's target RNA. The percent inhibition of target gene expression 2 days after siRNA transfection is shown in SI Fig. 5 . For each siRNA, the target gene expression decreased at least 60%, with an average inhibition of Ϸ85%, (see SI Fig. 5 ). Thus, each siRNA inhibited the RNA accumulation of its intended target gene. A few trends are apparent from the data. First, changes in HCV infectious virus production generally parallel the changes in HCV RNA levels for most siRNAs. This correlation is expected for defects in a stage of the virus life before the packaging and release of infectious virus. Second, there is no correlation between the effect of siRNAs on HCV replication and cell viability, suggesting that most phenotypes do not result from changes in cellular physiology. In total, 26 genes modulate HCV replication by the following criteria: (i) Introduction of siRNAs targeting the genes alter infectious HCV production by Ͼ3-fold and (ii) a decrease in target gene RNA accumulation after siRNA treatment. These genes and their regions of HCV interaction are shown in SI Fig. 6 .
RNAi Is Required for Efficient HCV Infection. We extended these studies for one of the 26 ''hits'' from the initial screen, the RNAi enzyme Dicer. Dicer was included in this screen, because a number of groups postulated that RNAi might be an innate antiviral defense in mammals (21) . We initially hypothesized that if RNAi were antiviral against HCV, then silencing Dicer would increase HCV replication. However, we observed the opposite phenotype: silencing Dicer inhibited HCV replication Ϸ7-fold. Conflicting data have been published on this topic using HCV genotype 1 replicons. The microRNA miR-122 was reported to be required for HCV replication (17); however, Dicer siRNAs, which would interfere with miR-122 biogenesis, were subsequently reported to enhance HCV subgenomic replication (22) . We decided to reexamine the role of RNAi in HCV replication by using the infectious HCV genotype 2a isolate.
We investigated the role of RNAi in the HCV life cycle by silencing multiple components of the RNAi pathway and testing the effects on HCV replication and infectious virus production as above. Additionally, different siRNAs that target distinct Dicer sequences were used to minimize the possibility of nonspecific off-target effects that can be associated with RNAi experiments. All siRNAs tested reduced target RNA accumulation by at least 80% with no appreciable effects on cell viability ( Fig. 1 C and D) . We found that siRNAs targeting genes involved in miRNA biogenesis (DICER1, Drosha/RNASEN, and DGCR8) and the RISC effector complex (EIF2C1-4) inhibited HCV replication ( Fig. 1 A and B) .
We next examined the miRNA environment associated with HCV infection to identify miRNAs that are expressed within the environment of HCV replication and to test whether HCV replication interfered with miRNA biogenesis. Total RNA from human liver, Huh-7.5 cells, and Huh-7.5 cells containing replicating genomic HCV-Con1 was electrophoretically separated and Ϸ21-nt RNAs were gel-purified, cloned, sequenced, and annotated. The relative abundances of cloned miRNAs are plotted in Fig. 2 . Seventy-one distinct miRNAs, including four previously unidentified miRNAs (miR-100604, -100819, -100854, and -100871; SI Table 6 ) were isolated in liver cells. Strikingly, miR-122 was the most frequently cloned miRNA, representing 72% of total miRNAs. It was also the most highly expressed miRNA in Huh-7.5 cells and Huh-7.5 ϩ HCV cells, representing 23% and 15% of the cloned miRNAs, respectively.
Some differences between Huh-7.5 cells that harbor replicating HCV and the parental Huh-7.5 cell line with respect to the expression of low-abundance miRNAs include higher expression of the miR-322, 197, 532-5p, and 374 miRNA families and the absence of miR-146a, 30a, 23a, and 191 families in cells with replicating HCV. The miRNA expression patterns match with previous Northern blot analysis, showing that the levels of miR-122, -21, and -130 are unaffected by HCV replication (13) . Thus, HCV replication does not grossly affect miRNA biogenesis.
A recent study implicated miR-122 in the modulation of HCV replication by using genotype 1 replicons (17) . The miR-122-binding site is conserved between genotype 1 and 2a, suggesting that miR-122 might have a similar function in the production of infectious genotype 2a HCV (Fig. 3A) . We tested this possibility by transfecting 2Ј-O-methyl oligos targeting either a random sequence or the miR-122 sequence into Huh-7.5 cells and measuring the effects on HCV replication. miR-122 depletion consistently inhibited HCV replication and infectious virus production over a number of time points (Fig. 3 B and C) . These data demonstrate that the requirement for miR-122 in HCV replication is conserved between genotype 1b replicons and infectious genotype 2a HCV. Thus, the requirement of the RNAi pathway for infectious HCV production likely reflects a need for miR-122 expression.
Discussion
Host genes modulate viral infection and are an underappreciated target for antiviral therapy. We identified 26 human genes that modulate HCV replication and implicated the RNAi pathway itself as a key regulator of HCV replication. Significant host proteins that interact with the structural genes include CD81, the dead box helicase DDX3X, the cellular proteases signal peptidase (SEC11L1), and signal peptide peptidase (HM13). CD81 is a tetraspanin that promotes HCV entry via its interaction with HCV E2. DDX3X binds to the core protein; its role in the HCV life cycle is currently unknown (23) . DED1, a yeast homolog of DDX3X, is also required for the replication of brome mosaic virus, another positive-strand RNA virus (24) . The functional conservation of DDX3X among diverse viruses and the degree of HCV inhibition after the silencing of DDX3X suggest that DDX3X plays a signif- icant role in HCV replication. Signal peptidase proteolyses the HCV structural genes, whereas signal peptide peptidase further proteolyses the core protein into the mature core (25) .
Cellular proteins that interact with HCV nonstructural genes include AFT6, a component of the unfolded protein response (UPR), which is induced by NS4B (26) . The UPR is a cellular pathway that is activated by various stresses to the endoplasmic reticulum, including HCV replication. Interestingly, the silencing of ATF6 results in an increase in HCV replication and virus production and is also associated with increased cell viability. This suggests that the UPR becomes induced in our experiments, and that the ATF6 pathway limits viral replication. NS5A-interacting proteins that modulate HCV replication include VAP-A/B and VPS35, which function in vesicular trafficking (27) (28) (29) (30) . VAPA can bind to NS5B as well as hypophosphorylated NS5A and has been proposed to serve as a scaffold for the replication complex within lipid microdomains (31) (32) (33) (34) . The cytoskeletal component ACTN1 also binds to NS5B and may be involved in replicase localization. PDPK1, RAF1, and EIF2AK2 are kinases that bind to NS5A. It is unclear whether these kinases phosphorylate NS5A or alternatively impact HCV replication indirectly through their various (i.e., Ras/MAPK) signaling pathways. Similarly, GRB2 binds to NS5A and is a key component of RAS signaling. The roles of RANBP5, SRCAP, and AHSA1 in HCV replication remain unclear.
Some proteins identified in our screen bind to HCV RNA sequences that are associated with translation and/or RNA synthesis. EIF2S3 binds to the 5Ј nontranslated region (5Ј NTR) of HCV and has been reported to modulate HCV translation (35) . PTBP1 binds to both 5Ј and 3Ј NTRs, suggesting a possible interaction between the 5Ј and 3Ј termini of HCV RNA (35) (36) (37) . RPL22 and GAPDH interact specifically with the 3Ј NTR (38) . PTBP1, ELAVL1, and HNRNPC bind to the 3Ј termini of both (ϩ) and (Ϫ) strands, suggesting they may be components of the RNA synthesis initiation complexes (39, 40) .
Cellular stress response pathways also modulate HCV replication, including the UPR, dsRNA activation of IFN signaling (PKR/EIF2AK2), oxidative stress (NF-B/RELA, STAT3), and heat shock (Hsp70/HSPA1A). Numerous groups have observed the activation of these pathways during HCV replication, so it is likely that these pathways are responding, at least in part, to HCV infection (41) .
RNAi silencing of VAPA, VAPB, PTBP1, SSB (La), EIF2B3, ELAVL1, PSMA7, and RAF1 inhibit replication of HCV genotype 1 replicons (32, (42) (43) (44) . Our data with infectious genotype 2a HCV correlated with that published for each of these genes. SSB (La) and EIF2B3 siRNAs displayed a small degree of inhibition of HCV RNA accumulation, whereas the remaining genes are listed as ''hits'' in this screen. These are likely to play important roles in HCV replication, given that similar results Fig. 2 . Relative miRNA expression profile of liver, Huh-7.5 cell line, and Huh-7.5 with replicating genomic HCV-Con1. miRNAs of human, mouse, and rat were aligned in sequence alignments, and sequence groups were built (specified in SI Table 7 ). The number of miRNAs in one sequence group is indicated in brackets. The clone count of sequence groups relative to all miRNA clones obtained from liver and Huh7 cell lines is depicted in the specified color code. Tissues were hierarchically clustered based on the miRNA profiles. miRNA expression patterns in the hepatocellular carcinoma cell lines cluster together and separately from liver, as indicated by lines at the top. were found by different groups using different siRNA sequences, silencing approaches, HCV genotypes, and replication systems.
In this paper, the RNAi pathway was demonstrated to be required for optimal HCV replication. The function of miR-122 in HCV replication, however, remains unclear. Genetic evidence exists for an HCV-specific function of miR-122. HCV RNAs that carry a mutation within the 5Ј NTR of the miR-122-binding site do not replicate but can be rescued by expression of a miR-122 variant containing a complementing mutation (17) . miR-122 did not appear to greatly influence HCV translation in the replicon system, suggesting that miR-122 may regulate viral RNA synthesis or the trafficking of viral RNAs to subcellular compartments. Alternatively, HCV may interfere with the capacity of miR-122 to silence its endogenous substrates. In support of this hypothesis, HCV replication is associated with an increase in expression of cholesterol biosynthesis genes that are regulated by miR-122 (45) (46) (47) (48) .
The conserved expression of distinct miRNAs was identified by miRNA profiling of liver and Huh-7.5 cells, the most abundant of these being miR-122. miR-122 is expressed at high levels in Huh-7.5 cells but not in other transformed liver cells, correlating with susceptibility of the cell type to HCV replication (17, 49) . However, HCV can be adapted to replicate in a number of cell types that do not express detectable miR-122, suggesting that miR-122 may not be required for HCV replication in different cellular environments (50) . Although we cannot rule out a role for other identified miRNAs in HCV replication, the sheer abundance of miR-122 in liver (72% of total miRNAs) suggests that this interaction predominates.
Mounting evidence suggests that RNAi is not a robust antiviral pathway in mammals (51) . HCV core protein overexpressed outside of its genomic context was reported to inhibit Dicer. However, we previously showed that replicating HCV did not inhibit RNAi, either with siRNAs or shRNAs targeting viral or cellular RNAs, or by altering the expression of endogenous miRNAs (13, 22) . If RNAi were indeed an antiviral pathway against HCV, one would expect that HCV replication would activate the RNAi machinery and small viral siRNAs would be generated. To test this hypothesis, we identified Ϸ2,000 small RNAs from Huh-7.5 cells containing actively replicating HCV; however, no HCV siRNAs were identified (13) . Thus, although replicating HCV was shown to be susceptible to transfected HCV-specific siRNAs and not inhibitory to RNAi, replicating HCV did not appear to be susceptible to endogenous RNAi. Similar studies with other viruses revealed a surprising dependence on the RNAi machinery: HCMV, HHV8, MHV68, SV40, and HIV encode viral miRNAs (13, (52) (53) (54) (55) (56) (57) .
Previous studies of subgenomic HCV replicons yielded conflicting data; miR-122 was required for viral replication, yet Dicer was reported to inhibit the replication of transfected HCV RNAs (17, 22) . This suggested that the RNAi machinery may have two interactions with HCV, a microRNA interaction and an antiviral siRNA interaction. These data indicate that the requirement of functional RNAi for replication is dominant over any antiviral activity this pathway may exert against HCV. These results also implicate the RNAi machinery as a potential antiviral target to limit HCV replication.
Materials and Methods
Cells and Virus. Huh-7.5 cells are a subline derived from Huh-7 hepatoma cells that are highly permissive for the initiation of HCV replication (58) . Huh-7.5 cells containing the HCV-Con1 replicon [Con1/Fl-neo(S2204I)] were used for miRNA profiling (59) . Cells were maintained in DMEM supplemented with nonessential amino acids and 10% FBS, whereas replicon cell media also contained 0.75 mg/ml G418. HCV FL-J6/JFH is a full-length genotype 2a sequence that produces the full replication cycle in cell culture (9) . It is a chimera containing the JFH-1 5Ј nontranslated region (60), the J6 core through NS2 genes (61) , and the JFH-1 NS3 through 3Ј nontranslated region.
RNAi Assay. The primary screen included 116 siRNAs that were designed to target 58 genes (two siRNAs per gene), whereas four other host genes were targeted by gene-specific siRNA smart pools (Dharmacon, Lafayette, CO; SI Table 4 ). RNAi assays were performed as described (14) . Briefly, 2.5 ϫ 10 6 Huh7 cells in 0.4 ml of PBS pH 7.4 were electroporated with 1 nanomole of siRNA for five pulses of 870 V for 99 s with 1-s intervals on a BTX (Holliston, MA) 820 electroporator. Cells were plated and infected at 24, 48, or 72 h after electroporation with a multiplicity of 0.5 infectious HCV particles per cell for 6 h, rinsed with media, then maintained for 2 days at 37°C. Rand and miR-122 2ЈO-methyl RNAs were described previously (17) .
HCV Quantification. Virus titers were determined by limiting dilution analysis as described (9) . Viral RNA was quantified by real-time RT-PCR analysis as described (62) . Cellular RNAs were quantified by using ABI TaqMan assays, as recommended (Applied Biosystems, Foster City, CA). For SYBR green assays of cellular genes, 0.75 g of DNaseI-treated total RNA was reverse-transcribed with SuperScript II (Invitrogen, Carlsbad, CA) and oligo(dT) for 1 h at 42°C, then heat-inactivated at 80°C for 20 min. One-twentieth of the cDNA mix was mixed with an equal volume of 2ϫ SYBR Green Master Mix (Applied Biosystems) and the appropriate primers. PCR conditions were: 50°C, 2 min; 95°C, 10 min (95°C, 15 sec; 55°C, 1 min) ϫ 40 cycles (63) . Results were analyzed with SDS 1.7 software (Applied Biosystems). Relative HCV RNA levels are the quantity of HCV normalized to 18S RNA levels. Relative cellular gene RNA levels are the quantity of the specific gene RNA normalized to GAPDH RNA levels.
NS5A Two-Hybrid Analysis. The LexA DNA-binding domain (pEG-202) was fused to the NS5A gene from the genotype 1a H77 strain. It was used to screen a HeLa cDNA library that is fused with a B42 acidic transcriptional activation domain (pJG4/5). Plasmids were transformed into the Saccharomyces cerevisiae strain EGY48, and interactors were assayed for growth in minimal dropout media lacking uracil, histidine, tryptophan, and LacZ expression. Nine cDNAs encoding three unique proteins that specifically interact with NS5A were identified from a library of 10 8 HeLa cDNA clones.
NS5A Kinase Complex Isolation. The mammalian expression and isolation of GST and GST-NS5A was performed as described, with minor modifications (19) . Briefly, BHK21 cells in 150-mm dish were infected with 10 pfu per cell of vTF7-3 virus for 1 h in PBS plus 1% FBS, washed, then transfected with 170 l of lipofectamine (Invitrogen), and 30 g of plasmid DNA in 5 ml of Opti-MEM. After 24 h, cells were lysed in 5 ml of NETN buffer (50 mM Tris⅐HCl, pH 7.5/120 mM NaCl/1 mM EDTA/ 0.5% Nonidet P-40) supplemented with 5 mM DTT/1 g/ml aprotinin/1 g/ml leupeptin/20 g/ml PMSF. Lysates were clarified at 16,000 ϫ g for 10 min at 4°C and incubated with 500 l of a 1:1 slurry of glutathione agarose in lysis buffer for 30 min. Agarose beads were briefly centrifuged at 3,000 ϫ g, washed, then resuspended in a final volume of 250 l of kinase buffer (50 mM Tris⅐HCl, pH 7.5/5 mM MnCl 2 /5 mM DTT). NS5A-associated kinase activity was assayed as described (19) . Agarose beads with associated proteins were then resuspended in SDS/ PAGE sample buffer, heated to 95°C for 5 min, and centrifuged, then supernatants were removed and sent to Kinexus for the KPKS kinase screen.
